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NCR Microelectronics 


NCR, a multi-billion-dollar manufac- 
turer of computer systems, terminal 
products, and semiconductors, es- 
tablished its first microelectronics labo- 
ratory in 1 963 to stay abreast of the 
emerging semiconductor technology. 
The laboratory was expanded in 1966 
to provide limited quantities of proto- 
type microcircuits designed for use in 
a number of new products. By 1968 
the first MOS circuits were produced, 
and by 1970 a complete family of cir- 
cuits had been designed, produced in 
prototype quantities, and incorporated 
into new NCR products. Based upon 
knowledge gained in this research 
and confidence in the ultimate advan- 
tages of MOS, the decision was made 
to expand the internal production ca- 
pability. In 1971, the Miamisburg, 

Ohio plant was completed. 

To meet internal demand, NCR ex- 
panded its microelectronics operation 
in 1975 with the addition of a second 
production facility in Colorado 
Springs, Colorado, and in 1979 
added a third facility in Ft. Collins, Col- 
orado. The Colorado Springs facility 
was replaced in 1 982 by a new plant 
occupying 100,000 square feet. This 
new plant is one of the most modern, 
best-equipped facilities of its kind any- 
where. 

NCR Microelectronics manufactures 
state-of-the-art NMOS, CMOS, and 
non-volatile SNOS components which 
provide a competitive advantage to its 
computer systems and terminal prod- 
uct lines. 

In mid-1981 NCR announced its entry 
into the merchant semiconductor mar- 
ket. The strength and discipline 
gained in 10 years of internal supply 
is now being made available to our 
customers. This experience, together 
with a family of innovative products 
and services, establishes NCR as a 
leading supplier of semiconductor 
devices and services. 


Copyright © 1985 by NCR Corporation, 
Dayton, Ohio, U.S.A. 

All Rights Reserved. Printed in U.S.A. 
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NCR’s Commitment to Quality 


As a pioneer in microelectronic tech- 
nology, NCR has been manufacturing 
components for its own product line 
since 1971. This experience has pro- 
vided opportunities to learn about 
user application problems, the impor- 
tance of component quality and re- 
liability, and their effects on total 
system reliability. The net result of 
such experience is a dedication to 
manufacturing superior components 
based on a firm commitment to quality 
and reliability. 

NCR Quality Assurance completes a 
rigorous evaluation of each product to 
ensure conformance of the product to 
its specification. Once a component is 
approved for production, stringent 
process and assembly controls along 
with detailed inspections are used to 
build in reliability. Comprehensive 
electrical testing is performed to 
guarantee the performance of each 
component; finished products are in- 
spected before shipment to assure the 
conformance to specifioation of each 
lot of devices, and sampling plans are 
constantly revised and updated to im- 
prove quality. 

Essential to any reliability program is 
feedback from the system user- 
communication that is vital for reliabil- 
ity growth. NCR strives to “close the 
loop” by communicating with users to 
evaluate problems and respond with 
corrective action. The closed-loop 
concept results in better understand- 
ing of user needs while improving re- 
liability. 

The NCR commitment to quality and 
reliability is an integral part of cor- 
porate philosophy originating from 
and emphasized by the highest levels 
of NCR management. This manage- 
ment direction, combined with NCR’s 
manufacturing and user application 
experience, provides a solid frame- 
work for continued improvement in 
quality and reliability. 



Read Only Memories 


NCR offers a full line of high perform- 
ance Read Only Memories (ROM) with 
a variety of pinouts and access times. 
All NCR ROMs are 5 volt only in both 
commercial and industrial operating 


temperature ranges. The NCR NMOS 
and CMOS processes and experience 
in the ROM market allow NCR to pro- 
vide fast turnaround of prototype and 
production quantities plus provide the 
customer service and support required 


of a major supplier of ROMs in today’s 
market. Look to NCR for your ROM re- 
quirements to insure that your products 
reach the market place in time for max- 
imum market penetration. 


NMOS Read Only Memory Family 


Function 

Part Number 

Organization 

Access Time 
Max (ns) 

Suppiy current 

Max (mA) 

No. of 
Pins 

Characteristics 

Operating 

Standby 

16KROM 

NCR 231 6-20 



mm 



24 

Static/2716 


NCR 2316-25 




— 

24 

Static/2716 


NCR 2316-30 



75 

— 

24 

Static/2716 


NCR 2316-45 

2Kx8 

450 

75 

— 

24 

Static/2716 

32K ROM 

NCR 2332-20 




— 

24 

Static/2532 


NCR 2332-25 




— 

24 

Static/2532 


NCR 2332-30 

4Kx8 


75 

— 

24 

Static/2532 


NCR 2332-45 

4Kx8 

450 

75 

— 

24 

Static/2532 


NCR 2333-20 

4Kx8 

200 

75 

— 

24 

Static/2732 


NCR 2333-25 

4Kx8 

250 

75 

— 

24 

Static/2732 


NCR 2333-30 

4Kx8 

300 

75 

— 

24 

Static/2732 


NCR 2333-45 

4Kx8 

450 

75 

— 

24 

Static/2732 

64K ROM 

NCR 2364-20 

8Kx8 


60 

— 

24 

Static/2564 


NCR 2364-25 

8Kx8 


60 

— 

24 

Static/2564 


NCR 2364-30 

8Kx8 

^bb 

60 

— 

24 

Static/2564 


NCR 2364-45 

8Kx8 

450 

60 

— 

24 

Static/2564 


NCR 2364S-20 

8Kx8 

200 

60 

10 

24 

Static/Standby 


NCR 2364S-25 

8Kx8 

250 

60 

10 

24 

Static/Standby 


NCR 2364S-30 

8Kx8 

300 

60 

10 

24 

Static/Standby 


NCR 2364S-45 

8Kx8 

450 

60 

10 

24 

Static/Standby 


NCR 2364A-45* 

Two 4Kx8 Banks 

450 

60 

— 

24 

Static/Bank Select 


NCR 2365-20 

8Kx8 

200 

60 

— 

28 

Static/2764 


NCR 2365-25 

8Kx8 

250 

60 

— 

28 

Static/2764 


NCR 2365-30 

8Kx8 

300 

60 

— 

28 

Static/2764 


NCR 2365-45 

8Kx8 

450 

60 

— 

28 

Static/2764 


NCR 2365S-20 

8Kx8 

200 

60 

10 

28 

Static/Standby 


NCR 2365S-25 

8Kx8 

250 

60 

10 

28 

Static/Standby 


NCR 2365S-30 

8Kx8 

300 

60 

10 

28 

Static/Standby 


NCR 2365S-45 

8Kx8 

450 

60 

10 

28 

Static/Standby 

128K ROM 

NCR 231 28-1 5t 

16Kx8 

150 

75 

— 

28 

Static/27128 


NCR 231 28-20 

16Kx8 

200 

75 

— 

28 

Static/27128 


NCR 231 28-25 

16Kx8 

250 

75 

— 

28 

Static/27128 


NCR 231 28-30 

16Kx8 

300 

75 

— 

28 

Static/27128 


NCR 23128-45 

16Kx8 

450 

75 

— 

28 

Static/27128 


NCR23128S-15t 

16Kx8 

150 

75 

10 

28 

Static/Standby 


NCR23128S-20 

16Kx8 

200 

75 

10 

28 

Static/Standby 


NCR23128S-25 

16Kx8 

250 

75 

10 

28 

Static/Standby 


NCR23128S-30 

16Kx8 

300 

75 

10 

28 

Static/Standby 


NCR23128S-45 

16Kx8 

450 

75 

10 

28 

Static/Standby 


NCR23128A-30* 

Four4Kx8 Banks 

300 

110 

— 

24 

Static/Bank Select 


NCR23128A-45* 

Four4Kx8 Banks 

450 

110 

— 

24 

Static/Bank Select 


‘Licensed under U.S. Patent Number 436851 5 
t Product available 3Q85 




































NMOS Read Only Memory Family (Continued) 


Function 

Part Number 

Organization 

Access Time 
Max (ns) 

Suppiy current 

Max (mA) 

No. of 
Pins 

Characteristics 

Operating 

Standby 

256K ROM 

NCR 23256-1 5t 

32Kx8 


75 



28 

Static/27256 


NCR 23256-20 

32Kx8 


75 

— 

28 

Static/27256 


NCR 23256-25 

32Kx8 

250 

75 

— 

28 

Static/27256 


NCR 23256-30 

32Kx8 

300 

75 

— 

28 

Static/27256 


NCR 23256-45 

32Kx8 

450 

75 

— 

28 

Static/27256 


NCR23256S-15t 

32Kx8 

150 

75 

10 

28 

Static/Standby 


NCR 23256S-20 

32Kx8 

200 

75 

10 

28 

Static/Standby 


NCR 23256S-25 

32Kx8 

250 

75 

10 

28 

Static/Standby 


NCR 23256S-30 

32Kx8 

300 

75 

10 

28 

Static/Standby 


NCR 23256S-45 

32Kx8 

450 

75 

10 

28 

Static/Standby 


NCR 23257-1 5t 

32Kx8 

150 

75 

— 

28 

Static/Alt. Pin Out 


NCR 23257-20 

32Kx8 

200 

75 

— 

28 

Static/Alt. Pin Out 


NCR 23257-25 

32Kx8 

250 

75 

— 

28 

Static/Alt. Pin Out 


NCR 23257-30 

32Kx8 

300 

75 

— 

28 

Static/Alt. Pin Out 


NCR 23257-45 

32Kx8 

450 

75 

— 

28 

Static/Alt. Pin Out 


NCR23257S-15t 

32Kx8 

150 

75 

10 

28 

Static/Standby 


NCR 23257S-20 

32Kx8 

200 

75 

10 

28 

Static/Standby 


NCR 23257S-25 

32Kx8 

250 

75 

10 

28 

Static/Standby 


NCR 23257S-30 

32Kx8 

300 

75 

10 

28 

Static/Standby 


NCR 23257S-45 

32Kx8 

450 

75 

10 

28 

Static/Standby 


Commercial Operating Temperature of 0°C to 70°C is standard for all NCR NMOS ROMs. 
Industrial Operating Temperature of -40°C to 85°C is also available. 


CMOS Read Only Memory Family 


Function 

Part Number 

Organization 

Access Time 
Max (ns) 

Suppiy 

Maxi 

current 

mA) 

No. of 
Pins 

Characteristics 

Operating 

Standby 

64K ROM 

NCR23C64-15 


150 

25 

0.01 

24 

Static/2564 


NCR 23C64-20 


200 

25 

0.01 

24 

Static/2564 


NCR 23C64-25 


250 

25 

0.01 

24 

Static/2564 


NCR23C65-15 

8Kx8 

150 

25 

0.01 

28 

Static/2764 


NCR 23C65-20 

8Kx8 

200 

25 

0.01 

28 

Static/2764 


NCR 23C65-25 

8Kx8 

250 

25 

0.01 

28 

Static/2764 

128KROM 

NCR23C128-15 

16Kx8 

150 

35 

0.04 

28 

Static/27128 


NCR 23C1 28-20 

16Kx8 

200 

35 

0.04 

28 

Static/27128 


NCR 23C1 28-25 

16Kx8 

250 

35 

0.04 

28 

Static/27128 

256K ROM 

NCR23C256-15 

32Kx8 

150 

35 

0.04 

28 

Static/27256 


NCR 23C256-20 

32Kx8 

200 

35 

0.04 

28 

Static/27256 


NCR 23C256-25 

32Kx8 

250 

35 

0.04 

28 

Static/27256 

512KROM 

NCR23C512-15t 

64Kx8 

150 

40 

0.04 

28 

Static/27512 


NCR 23C51 2-20 

64Kx8 

200 

40 

0.04 

28 

Static/27512 


NCR 23C51 2-25 

64Kx8 

250 

40 

0.04 

28 

Static/27512 

1024K ROM 

NCR23C1000-25t 

128Kx8 

250 

50 

0.1 

28 

Static 


tProduct available 3085 

Commercial operating temperature of 0°C to 70°C is standard for all NCR CMOS ROMs. 




































Non-Volatile RAM 


Non-volatile RAM (NVRAM) circuits 
combine high performance static 
RAM with electrically erasable PROM 
on a single integrated circuit. The pri- 
mary advantage NVRAMs offer the 
system designer is its ease of interfaC' 
ing with a microprocessor without af- 
fecting system performance. This is 
possible because an NVRAM looks 


and performs like a static RAM during 
normal operation. During a system 
power failure the entire contents of the 
static RAM can be stored in the 
EEPROM array and are available for 
recall when system power returns to 
normal levels. NCR NVRAMs are 
offered in commercial, industrial, and 
military temperature ranges. 


Non-Volatile RAM 


Function 

Part Number 

Organization 

Access Time 
Max (ns) 

Power Suppiy 
(Volts) 

No. of 
Pins 

Operating 
Range (°C) 

256 Bit NVRAM 

NCR 52210 


300 

-1-5 

18 

0 to -f 70 


NCR 52210 1 


300 

-1-5 

18 

-40 to - 1 - 85 


NCR 52210 HR 

64x4 

450 

-1-5 

18 

-55 to -1-125 

512 Bit NVRAM 

NCR 52211 

128x4 

300 

-1-5 

18 

Oto -1-70 


NCR 5221 1 1 

128x4 

300 

-1-5 

18 

-40 to -1-85 


NCR 52211 HR 

128x4 

450 

-1-5 

18 

-55 to -1-125 

IK NVRAM 

NCR 52212 

256x4 

■H 

-1-5 

18 

Oto -1-70 


NCR 52212 1 

256x4 


-1-5 

18 

-40 to - 1 - 85 


NCR 5221 2 HR 

256x4 


+ 5 

18 

-55 to -1-125 

IK NVRAM 

NCR 52001 

128x8 


-1-5 

— 

0 to -1-70 


NCR 52001 1 

128x8 


-1-5 


-40 to - 1 - 85 


NCR 52001 HR 

128x8 

350 

-1-5 

24 

-55 to -1-125 

2K NVRAM 

NCR 52002 



-1-5 

■■ 

0 to -t- 70 


NCR 52002 1 



-1-5 


-40 to - 1 - 85 


NCR 52002 HR 

256x8 

350 

-1-5 

24 

-55 to -1-125 

4K NVRAM 

NCR 52004 



-1-5 

24/28 

0 to +70 


NCR 52004 1 



-1-5 

24/28 

-40 to - 1 - 85 


NCR 52004 HR 

512x8 

350 

-1-5 

24/28 

-55 to -1-125 






































Electrically Erasable PROM 


The NCR family of EEPROMs includes 
small organization serial devices for 
applications requiring a limited 
amount of storage capability. The 
NCR family also includes high density 
by eight devices for applications re- 
quiring maximum data storage. All 
members of the NCR EEPROM family 


are 5 volt only devices \A/ith all erase/ 
write voltages being generated on chip. 
This combination of high density and 5 
volt only operation places NCR in the 
leadership position in EEPROMs. NCR 
EEPROMs are offered in commercial, 
Industrial, and military temperature 
ranges. 


Electrically Erasable PROM 


Function 

Part Number 

Organization 

Access Time 
Max 

Power Suppiy 
(Volts) 

Operating 
Range (°C) 

No. of 
Pins 

Characteristics 

256 Bit 

NCR 52801 

■3H 

125 kHz 

+ 5 

Oto +70 

14 

Serial 

EEPROM 

NCR 52801 1 


125 kHz 

+ 5 

-40 to + 85 

14 

Serial 


NCR 59306 

16x16 

250 kHz 

+ 5 

0 to +70 

8 

Serial 


NCR 59306 1 

16x16 

250 kHz 

-1-5 

-40 to +85 

8 

Serial 

IK EEPROM 

NCR 59308 


500 kHz 

+ 5 

0 to +70 

8 



NCR 59308 1 


500 kHz 

+ 5 

-40 to +85 

8 


32K EEPROM 

NCR 52832 

4Kx8 



0 to +70 

K 

Parallel 


NCR 52832 1 

4Kx8 



-40 to +85 


Parallel 


NCR 52832 HR 

4Kx8 



-55 to +125 

28/32* 

Parallel 

64K EEPROM 

NCR 52864 HR 

8Kx8 

300/450 ns 

+ 5 

-55 to +125 

28/32* 

Parallel 





































NCR Semicustom Design 







Standard Cell Microcomputer with Core Microprocessor, Sound Generator, 
I/O and Random Cell Logic. 


NCR Semicustom Design offers you 
the same high performance, design 
flexibility and breadth of functions as 
a fully-customized integrated circuit, 
while simultaneously minimizing 
development time and cost. Key ele- 
ments of the NCR system include 
computer-aided design (CAD) tools, 
advanced process technologies, to- 
tal technical support and a wide se- 
lection of cell functions in a 
state-of-the-art CMOS standard cell 
library. 

You can take the lead in design and 
development with NCR technical ex- 
pertise and foundry facilities to aid 
you in finding and implementing the 
optimal solution to your needs. 

Every phase of the design and 
development process is followed up 
with the NCR state-of-the-art support 
system, permitting more freedom 
and security to explore alternatives 
at minimal cost. 

• Performance— propagation delays 
less than LSTTL and HCMOS 
technologies 

• Advanced process technology- 
low power CMOS 

• Directly TTL and HCMOS 
Compatible— no interface or pull- 
ups required 

• Sophisticated CAD System— 
minimizes risk while easing and 
speeding design providing a first 
pass working part 

• Optional ROM, Static RAM, and 
PLA — Customer definable in size 
and organization, with the option 
of analog and a core micropro- 
cessor on the same chip 

• Silicon Efficient— no fixed-routing 
channels or cell locations. NCR 
Semicustom Design allows close 
packing of high-level functions for 
minimum die size and lowest 
overall cost of any semicustom 
solution 

• Many 7400/5400 equivalent func- 
tions 

• Versatile in-house assembly capa- 
bility for plastic and ceramic dual- 
in-line and chip carrier package 
types 


Cost 

Compared to discrete logic, the use 
of an NCR cell library device to inte- 
grate system logic greatly reduces 
system power requirements, board 
space, component cost, manufac- 
turing cost, weight, and overhead 


costs such as rework, inventory and 
purchasing. Reliability and perform- 
ance will also be improved. All these 
factors directly impact unit pricing, 
particularly in volume production, 
making a oell library device a man- 
datory design choice. 



NCR SEMICUSTOM DESIGN AND VERIFICATION SYSTEM 






Design and Applications 
Assistance 

You have the option of using one of 
the Semicustom Design Centers for 
design services and support, or you 
may prefer to purchase a worksta- 
tion and design your device in your 
facility. In either case, NCR will pro- 
vide full engineering support. 

Options include: 

• completing design verification in 
your facility 

• designing the device at the NCR 
facility or an NCR Design Center 

• permitting NCR or an NCR De- 
sign Center to perform design 
verification and provide a device 
which meets your logic specifica- 
tions 

CAD Tools 

Semicustom design and development 
are done with the most sophisticated 
tools available. NCR is committed to re- 
taining the position of industry leader in 
technology, applications support and 
service. To meet this commitment, NCR 
has acquired and/or developed the 
best CAD tools that the industry can 
offer. 

Engineering Workstation Support 

NCR is a leader in the support of the 
most popular and powerful engineering 
workstations. Presently, you have your 
choice of the Daisy™ or Mentor 
Graphics™ Workstations, and in 1985 
the Valid™ Workstation. All of these 
workstations have powerful user- 
friendly software which is well suited to 
the design of semicustom integrated cir- 
cuits as well as for other applications. 
NCR has ported its proprietary 
software, such as VITA™, to these work- 
stations and interfaced to the resident 
software. This means that you can per- 
form total design capture and verifica- 


tion on the workstation without the need 
for any resimulations by NCR. In addi- 
tion, NCR has developed documenta- 
tion specific to each workstation to 
guide you in the use of the NCR Semi- 
custom Design and Verification Sys- 
tem™ with the commands and proce- 
dures specific to that workstation. NCR 
Design Centers and applications engi- 
neers are available full-time to assist you 
in every phase of design and develop- 
ment, including hands-on training on a 
workstation. NCR is actively involved 
with engineering workstation industry 
leaders to continue the evolution of de- 
sign capabilities and tools. 

Timing Anaiysis 

For timing analysis, NCR has devel- 
oped the VITA™ (VLSI Timing and Inter- 
connect Analysis) package of pro- 
grams. NODE DELAY and PATH 
DELAY feature user prompts and keep 
track of signal names for ease of use. 
PLUG DELAY provides feedback to 
logic simulators for “realtime” simula- 
tions. These programs can be run both 
before layout, using estimated intercon- 
nect capacitances, and after layout, us- 
ing extracted interconnect RC values, 
and rise/fall effects on cell delays. 

For analog simulations, NCR will pro- 
vide SPICE models for the cells, and full 
characterization data sheets. 

Layout 

Layout, using NCR enhancements to in- 
dustry standard auto-place-and-route 
(APR) programs, has become a stream- 
lined activity producing excellent re- 
sults. Customers have the option of hav- 
ing NCR perform the layout from a pro- 
vided netlist and specifications, or by 
obtaining an industry standard APR for 
in-house use. NCR is also cooperating 
with industry efforts to develop APR 
capability on engineering workstations. 


Test Program Generation 

NCR developed the SENTPEX™ (Sentry 
Test Pattern Extractor) package of pro- 
grams. This software checks simula- 
tions of workstations or TEGAS™ V for 
compatibility with industry standard IC 
testers, converts them to tester format 
and compresses the patterns. The re- 
sults are combined with DC parameters 
and compiled to generate the test pro- 
grams used in prototype testing and 
production testing of the device. 

CAD Software Tools 

• Schematic entry and check 

• Netlist extraction 

• Logic simulation— TEGAS™ V and/or 
workstation-based simulation, to ver- 
ify functionality and provide vectors 
for testing the device 

• Timing Analysis— The VITA™ (VLSI 
Interconnect and Timing Analysis) 
package uses both estimated inter- 
connect loading and extracted inter- 
connect RC loading and rise/fall ef- 
fects to accurately model signal 
delays. It calculates path delays as 
well as providing timing information 
to include in logic simulation. 

• Automatic Place and Route— CPR3 
and CAL-MP™ optimize placement of 
cells and automatically route the en- 
tire circuit, taking into account any 
specified critical paths. 

• Layout Verification— includes com- 
parison of the netlist extracted from 
the layout to the original netlist to ver- 
ify accuracy and eliminate all possi- 
ble layout errors, ERCs (Electrical 
Rule Checks) and DRCs (Design 
Rule Checks). 

• Fault Grading— verifies test pattern 
quality: performed primarily with 
TEGAS.™ 

• Test Pattern Generation— 

SENTPEX™ package checks simula- 
tion pattern compatibility with testers, 
converts and compresses the pat- 
terns and compiles the test program. 


Tegas™ is a registered trademark of General Electric— CALMA Co. 

VITA™, SENTPEX™, Semicustom Design, and Verification System™ 
are registered trademarks of NCR Corporation. 

CAL— MP™ is a registered trademark of SILVAR-LISCO. 

Daisy™ is a registered trademark of Daisy Systems, Inc. 

Mentor Graphics’’^'^ is a registered trademark of Mentor Graphics Corporation. 
Valid™ is a registered trademark of Valid Logic Systems, Inc. 



NCR Semicustom Process 
Technology 

The NCR fine-geometry CMOS process 
provides excellent performance. Op- 
tions include precision capacitors for 
analog and double level metal. NCR’s 
CMOS is immune to most latch-up situa- 
tions with protection of 90 mA at 1 2V. 
Worst case ESD (electrostatic dis- 
charge) is rated at 3.0kV. NCR’s CMOS 
technology has proven to be a very re- 
liable high volume process which pro- 
vides circuit densities and perform- 
ances which are extremely competitive 
in today’s market. 

Manufacturing 

Whether your semicustom design is 
performed by NCR, a design house, or 
yourself, NCR will complete your device 
development, produce the masks and 
fabricate the wafers in-house. 

Assembly 

NCR’s fast-turn assembly facility permits 
short development cycles and rapid 
ramp-up for initial production. In-house 
packaging includes plastic and ceramic 
□IPs and chip carriers. Off-shore pack- 
aging capabilities offer high volume 
economies on all packaging alterna- 
tives. 

Second Source 

NCR maintains an extensive second 
source agreement with Standard Micro- 
systems Corporation which enables 
customers to activate second-sourcing 
at any point during the design, develop- 
ment or manufacturing process. 

NCR CMOS II Digital Cell Library 

The variety of cells offered allows for op- 
timization of silicon area. A smaller die 
size means better performance and 
lower costs. 

SSI Functions: 

• Buffers and Inverters 
—drive and tristate options 

• NANDandNOR 
—available with 2,3,4 inputs 


• AND and OR— up to 8 inputs 

• AOI, OAI, EXOR 

• “Combinational” logic cells 
—for denser and faster devices 

• Delay Cells 

• Two-phase Clock Driver 

Fllp-Flops/Latches: 

• Cross coupled latches 
both NOR and NAND 

• Level sensitive transparent latches 
with Reset 

without Reset 
with clock driver 

• Edge triggered D Flip-flops 
with Reset 

with Set and Reset 

without Set and Reset 

with clock driver. Set and Reset 

• Edge triggered JK flip-flops 
with Set and Reset 

with Set, Reset and clock driver 

MSI Functions: 

• Single-bit cascadeable loaded shift 
register with serial or parallel in, and 
serial out, with or without clock driver 

• Single-bit cascadeable, loadable, up- 
down counter with Reset and Enable, 
carry in and carry out 

Input/Output Pads and Buffers 

Options give optimal size in pad-limited 
designs. Levels are directly TTL and 
CMOS compatible. 

• InputCells— choice of standard TTL 
or variety of Schmitt trigger levels 

• OutputCells— variety of drive op- 
tions, open drain, pullup options 

• Tristate— combination of I/O options 

CMOS II Analog Cell Library 

• Op Amps 

• Comparators 

• Analog Switch 

• Bandgap Voltage References 

• Oscillators 

• D/A Converters 

• A/D Converters 

• Flash A/D Converter 

• Sound Generator 

• Negative Supply Generators 

• Bias Generators 

• Logic Level Shifter 

• Power-On-Reset 


CMOS 11 Supercell Library 

• Modular ROM 

• Modular RAM 

• Modular PLA 

• Counter/Timer 

• 65CX02 Core-microprocessor 

Gate Array Technology 

Gate arrays are a viable option if you 
have a low volume design or one re- 
quiring fewer functions and therefore 
fewer gates. Design and development 
cycles are customarily shorter and less 
costly for gate arrays. The trade-off is in 
design flexibility and production costs, 
since a cell library device is smaller and 
less costly in larger production quanti- 
ties. 

NCR design engineers will assist you in 
making the most cost-effective decision 
to meet your needs, whether it is a cell 
library device or a gate array. 

NCR Quality Assurance 

The NCR Microelectronics goal in all de- 
sign projects is to meet or exceed the 
customer’s quality and reliability require- 
ments by building quality in. Each of 
NCR’s processes and products has 
been extensively characterized and 
qualified. Design Assurance Engineers 
have worked closely with Standard Cell 
Designers and Computer-Aided Design 
Software Engineers to help assure first 
pass design success for all customers 
using Standard Cells. Each cell has 
been fully characterized and subjected 
to the same rigorous reliability testing 
used to qualify the process itself. In ad- 
dition to the initial qualification, the Qual- 
ity Assurance Department samples 
parts from each product and performs 
on-going reliability testing to maintain a 
high level of confidence in fabrication 
and assembly operations. Each part re- 
ceives full functional testing and visual 
inspection prior to shipment. 

As a result of exceedingly high stand- 
ards and the desire to be a leader, NCR 
Microelectronics has one of the lowest 
part reject records in the industry. 



Digital Signal 
Processing 


NCR now offers two DSP VLSI devices; 
the NCR45CG72 is the Geometric 
Arithmetic Parallel Processor chip 
(GAPP) and the NCR45CM1 6 is the 
Multiplier Accumulator chip. Both of 
these devices are targeted for emerging 
digital signal processing applications. 
The 45CM1 6 is aimed at 
microprocessor-based systems that 
perform multiply intensive tasks. Exam- 
ples include process control, robotics, 
and electronic instruments. The GAPP 
is well suited for applications in which 
operations are repetitively applied over 
large arrays of data. This includes many 
image processing applications such as 
pattern recognition, automatic inspec- 
tion, convolution, correlation, data com- 
pression, and machine vision. 

Geometric Arithmetic 
Parailel Processor 

FEATURES 

• 6x12 systolic array of processors in 
CMOS VLSI 

• Highly parallel architecture 

• Nearest neighbor communication 
between processors 

• GAPP devices fully cascadeable 

• Overlapped I/O and computation 

• On-chip 1 28-Bit SRAM per processor 

The GAPP is a revolutionary architec- 
ture that is comprised of 72 individual 
processors elements arranged in a 6 x 
1 2, two-dimensional array. Each of the 
processors operates in parallel with 
each processor being able to manipu- 
late different data. The massive parallel- 
ism inherent in the chip’s architecture 
provides the processing power of 72 
processors on a single piece of silicon. 



Geometric Arithmetic Parallel Processor (GAPP) 


Within each processor is a bit-serial 
ALU, 128 bits of RAM, and four single- 
bit latches. Three of these latches hold 
inputs to the ALU and the fourth latch al- 
lows I/O operations to be performed 
without interrupting the program execu- 
tion. Thus, I/O operations can be over- 
lapped with computation. Each of these 
processors is able to communicate and 
exchange data with its four immediate 
neighbors: one to the East, West, North, 
and South. 

GAPP chips are cascadeable and allow 
system designers to implement proc- 
essor arrays of arbitrary size in multiples 
of 6 X 1 2 elements. For instance, two 
GAPP chips can be configured to form 
a 1 2 X 1 2 processor array, eight chips 
can be used to form a 24 x 24 array of 
processors, and so on. The advantage 
of cascading arrays of GAPP chips in 
systems is that system throughput in- 
creases linearly with the number of 
chips used in the system. Thus, a sys- 
tem of two GAPP chips offers twice the 
processing throughput of a single 
GAPP chip, while a system of eight 
chips offers eight times the processing 
throughput of a single GAPP chip and 
four times the processing throughput of 
a two GAPP chip system. This ability to 
trade off performance versus chip count 
offers the system designer virtually un- 
limited freedom in designing systems 
around the GAPP to meet specific per- 
formance needs. In addition, software 
compatibility can be maintained as sys- 
tem designers expand their systems by 
adding more GAPP chips to increase 
system performance. 


The GAPP architecture is typically 
described by such terms as “systolic 
array,” or SIMD (Single Instruction, Multi- 
ple Data). Regardless of how one 
describes it, the GAPP is an undeniable 
departure from the traditional 
vonNeumann architecture which pro- 
cesses data utilizing a single data ele- 
ment. The vonNeumann architecture, 
for example, depends upon component 
technology to attain processing 
throughput. The GAPP, on the other 
hand, exploits parallelism rather than re- 
lying on component speed to achieve 
its throughput. Hence, the GAPP is able 
to achieve throughput rates unattain- 
able by vonNeumann architectures. 



GAPP Development System 

To support software development, there 
is a GAPP Evaluation Module which 
consists of a software development 
package and hardware accelerator 
board for IBM compatible personal 
computers. Development software for 
the Evaluation Module includes the 
GAPP Algorithm Language compiler, 
and a program debugger which allows 
single and multiple step execution. In 
addition, the programmer is able to ex- 
amine and change internal registers 
and RAM locations in each processor 
element. 

Also available is a GAPP Simulator/ 
Assembler which allows the program- 
mer to simulate GAPP programs on 
processor arrays of arbitrary size. The 
Simulator/Assembler allows the user to 
write and debug programs in GAPP 
micro-code, and examine internal regis- 
ters and RAM locations. 

16 X 16 Single Port Multiplier/ 
Accumulator Chip 

FEATURES 

• 24-pin ceramic or plastic DIP 

• 40-bit accumulator 

• 1 90ns cycle time (typ) 

• Fully static operation— no clock 
required 

• Single port allows easy interfaces to 
microprocessor bus 

The NCR45CM 1 6 is a 24-pin CMOS 
multiplier/accumulator chip for use with 
16-bit microprocessor systems. All input 
and output data are transferred through 
a single 1 6-bit bidirectional data bus in 
signed two’s complement format. This 


device is TTL/CMOS compatible and re- 
quires no clock due to its totally static 
(asynchronous) operation. The 
45CM16 may be attached to a micro- 
processor bus in a way similar to a 1 6- 
bit wide static RAM. 

The single port design of the 45CM 1 6 
makes it much more compact than 
three port devices. Another compara- 
tive advantage of the 45CM1 6 relative 
to three port multiply/accumulate chips 
is that there is no need to use a lot of 
glue logic to interface it to the micro- 
processor bus. Static operation frees 
the system designer from having to 
generate clock signals to control the 
device. These three attributes: small 
package, ease of interface to micropro- 
cessor bus, and static operation mean 
that boards designed with the 45CM1 6 
will be more compact and easier to de- 
sign. 

An 8086 or 68000 using the 45CM1 6 
can realize a 3X enhancement in overall 
multiplication speed compared with 
performing the multiplication operation 
in software using the 68000 instruction 
set. The 40-bit accumulator allows 32- 
bit partial products to be accumulated 
up to 256 times before the contents of 
the accumulator must be read. 



NCR/32 

Processor Family 


Features 

• 32-bit system architecture 

• 13.3 Megahertz frequency 

• Effective emulation of mid-range 
mainframes 

• Externally microprogrammable 

• Real and virtual memory operation 

• Large direct memory addressing 

• Interface provided to slower periph- 
erals 

• On-chip error check and correction 

Functional Description 

The NCR/32 VLSI Processor family 
combines the latest advances in semi- 
conductor technology with experi- 
ence gained in three generations of 
computer mainframe design to pro- 
vide a comprehensive microprogram- 
mable 32-bit system architecture. With 
external microprogram capability, an 
extremely flexible microinstruction set, 
and a powerful set of internal regis- 
ters, the NCR/32 offers flexibility and 
high performance advantages not 
available with other microprocessors. 
Along with an existing set of VLSI 
family support devices, the NCR/32 
offers effeotive emulation of register, 
stack and descriptor-based system ar- 
chitectures, as well as execution of 
high-level languages directly from mi- 
crocode. The NCR/32 is well suited 
for applications requiring direct ad- 
dressing of a large memory space, 
high numeric precision, and very- 
high-speed execution such as bit- 
mapped graphics, robotics, artificial 
intelligence, and relational data 
bases. 



The NCR/32 VLSI Processor family 
consists of the Central Processor Chip 
(CPC), the Address Translation Chip 
(ATC), and the System Interfaoe Con- 
troller (SIC). Additional members of 
the family include the Extended 
Arithmetic Chip (EAC), the System In- 
terface Transmitter (SIT) and Receiver 
(SIR) chips, and the Bus Assist Chip 
(BAC). 

The CPC performs the basic micro- 
processing function using four 32-bit 
internal data paths, complemented by 
two independent external data paths: 
the 32-bit Processor Memory (PM) 

Bus and the 16-bit Instruction Storage 
Unit (ISU) Bus. An integral part of the 
CPC is the Arithmetic Logic Unit 
(ALU) which is used for performing 
decimal and binary arithmetic func- 
tions and logical operations. There are 
two sets of registers in the CPC. The 
Register Storage Unit consists of 16, 
32-bit registers used for storage and 


manipulation of data; the additional 22 
registers of the Internal Register Unit 
are used as jump address registers 
and operand pointer registers. A 
three-stage pipeline insures that one 
microinstruction is being fetched, 
another read, and a third executed in 
the same time frame. 

The system clock is a two-phase, 
non-overlapping clock operating at 
13.3MHz. This yields a 150 nanose- 
cond clock cycle with 90% of the mi- 
croinstructions executing in one cycle. 




The ATC provides memory manage- 
ment functions using either virtual or 
real memory addressing. To support 
virtual memory operations in the NCR/ 
32 chipset, an extra PM bus cycle 
precedes the standard memory ac- 
cess. Two 32-bit registers, the TOD 
Register/Counter and the Interval Ti- 
mer Monitor Register, are used for 
time interval monitoring. An NCR- 
patented “scrubbing” technique 
checks, and corrects if necessary, a 
64K word block of memory every 
1 .048 seconds. The ATC has three 
virtual address page sizes: 1K, 2K, 
and 4K bytes. 

The EAC is a performance booster 
used during arithmetic operations. 
Fixed point, decimal, and hexadeci- 
mal floating point formats are all 
handled by the EAC. (Hexadecimal 
floating point format is compatible with 
the IBM/370.) Results are in either 
single (one word) or double (two 
words) precision. Conversion opera- 
tions between formats are also 
handled. 

The SIC performs communication 
management between the NCR/32 
chipset and the I/O devices. Used 
with the SIT and SIR (which perform 
data format conversions) the SIC 
sends and receives messages at up 
to 24 megabits per second per chan- 
nel. The SIC/SIT/SIR communications 
subsystem operates in either Data 
Link Control mode or Local Area 


Network mode. In the Data Link Con- 
trol mode, the SIC has access to eight 
transmission channels through a poll- 
ing scheme. This mode is designed to 
control multiple peripheral devices on 
a system. The Local Area Network 
mode is designed for high-speed 
transmissions in a network environ- 
ment, using two different channels of 
access. 

The NCR/32 Development System is 
available to help in evaluating the 
NCR/32 chipset and in developing 
microcode for particular system appli- 
cations. A complete development sys- 
tem consists of two NCR components, 
the NCR/32-796A Board and the 
NCR/32 Debug Monitor along with the 
following: 

• An IBM-compatible PC 

• A relocatable, linkable assembler 

• A Multibus™ development environ- 
ment, including: 

—a chassis 

—an adapter kit consisting of a Multi- 
bus board and a PC board 
—a memory board 

In addition, experienced NCR applica- 
tions engineers can assist in determin- 
ing the suitability of the NCR/32 family 
for solving applications problems. 
These engineers can provide extensive 
training on the NCR/32 systems archi- 
tecture, individual chips, and the use of 
design support tools. 


Multibus is a registered trademark of Intel Corp. 



NCR/32-796A 

Board 


Board Highlights 

• Dual port main memory access ca- 
pability using either Multibus or 
iLBX* 

• Full 32-bit VLSI Chip Set 
—Central Processor Chip (CPC) 

— Address Translation Chip (ATC) 

— Extended Arithmetic Chip (EAC) 

• 1 50ns instruction/PM bus cycles 

• Real and virtual memory operations 

• On-board breakpoint and movable 
window trace capability 

• 4K words of ROM containing 
diagnostics and debug routines 

• 1 6K words of on-board RAM for 
user-defined microcode 

The NCR/32-796A board, featuring the 
NCR/32 Chip Set, provides new oppor- 
tunities for microcode generation at the 
microprocessor level. The board pro- 
vides an alternate iLBX I/O port for high- 
speed memory transfers. A wide range 
of user applications include: 

• Dedicated algorithmic processing 

• File processing in intelligent networks 

• Graphics co-processing 

• Robotics control 

• Virtual machine emulation 

• Fligh-level language acceleration 

• Image recognition. 

The NCR/32-796A board includes an 
Instruction Storage Unit (ISU) providing 
1 6K words of storage for user micro- 
code. Use of the Extended Arithmetic 
Chip (EAC) offers the following math ca- 
pabilities; single and double precision 
fixed-point binary multiplication and divi- 
sion, single and double precision 
floating-point hexadecimal (IBM format), 
floating-point decimal, and format con- 
version. 

Resident microcode-development 
firmware makes breakpoint and trace 
logic readily accessible via onboard 
ROM. Additional development interface 
and assembler software is also availa- 
ble. 




*Multibus and iLBX are trademarks of Intel Corporation. 



Special Function Chips 


SCSI 

NCR 5380 

SCSI Protocol 
Controller 

Supports latest ANSI X 3T9.2 SCSI draft-proposed standard. Asynchronous data trans- 
fers to 1.5 Megabytes/sec. Operates in both initiator and target roles. Supports arbitra- 
tion including reselection. Contains on-chip open collector (48 mA at.SV) bus 
transceivers. Requires -i-5V supply in a 40 pin DIP. 

NCR 5385E 

SCSI Protocol 
Controller 

Enhanced 5385 supports the latest ANSI X 3T9.2 SCSI Standard. Asynchronous data 
transfers to 1 .5 Megabytes/Sec. Operates in both initiator and target roles. Supports arbi- 
tration including reselection. Uses external open collector or differential pair transceivers. 
Double buffered data registers, 24-bit transfer counter and automatic protocol handling 
provides high performance interface. Requires +5V supply in a 48 pin DIP. 

NCR 5386 

SCSI Protocol 
Controller 

Replacement for NCR 5385. Updates all SCSI timings to latest ANSI specification with 
operationai enhancements. Production June ’85. 

Graphics 

NCR 7250 

CRT Controller 

On-chip character ROM with 192 characters. Addresses a 2Kx8 video RAM. Generates 
VSYNC, HSYNC and VIDEO to interface directly with CRT monitor. Eight screen and 
six field functions are under software control. Dot clocks up to 20MHz with h- 5V supply 
in a 40 pin DIP. 

NCR 7300 

Color Graphics 
Controller 

Translates high level commands from host computer into video operations such as 
drawing and text manipulation, and provides video output to monitor. Supports a dis- 
playable screen resolution of 640x480 pixels at 60Hz, and a frame buffer of 

1024x1024. Has analog RGB outputs, and pixel rates to 30 MHz. Interfaces to 8-bit or 

16-bit processor. Housed in 68 pin package and uses -i-5V supply. 

NCR 7301 
Memory 
Interface 
Controller 

Companion chip to NCR 7300. Muitiplexes and Demultiplexes between four and six- 
teen bit busses. Designed for implementation of high performance graphics systems 
and simiiar applications requiring rapid data handling. Requires +5V supply in a 28 
pin DIR 

Other 

NCR 8301 

Bar Code 
Processor 

Decodes code 39 and interleaved 2 of 5, bidirectional decoding, velocity of 1 to 50 in/ 
sec with 32-character tag buffer. Standalone or peripheral mode with -h5V supply in a 

40 Pin DIP. 

NCR 8489 

Sound 

Generator 

Functionally and pin compatible with SN76489A. Three programmable tone generators. 
Programable white noise generator with 4 MHz (max) clock input. Requires +5V sup- 
ply in a 16 pin DIP. 






NCR Microprocessors 


NCR 6518 

NCR 65C02 
NCR 65C21 
NCR 65C22 

NCR 65CX02 


8-bit Microprocessor utilizing the 6507 CPU. 

Contains 128x8 Static RAM, two bi-directional programmable I/O ports, programmable 
interval timer. 

8-bit Microprocessor, software compatible with the NMOS 6502. 2 or 3 MHz operation, 
64K-byte addressable memory, low power consumption 4mA @ 1 MHz. 

Peripheral Interface Adapter, with two 8-bit bidirectional I/O ports, and four peripheral 
control/interrupt input lines. 

Versatile interface adapter with internal timer/counters. Compatible with NMOS 6522. 
Two powerful 16-bit programmable internal timer/counters. Latched input/output regis- 
ters on both I/O parts. 

Identical to 65C02 except for the addition of four bit manipulation instructions (SMB, 
RMB, BBS, BBR). Will operate at 2, 3, or 4 MHz. 


Microcomputers 



All parts have I/O capabilities of 32 bi-directional lines, are powered by a 5V power supply, 
and are packaged in a 40 pin DIR 

Part 

Memory 



Internal 


Number 

ROM 

RAM 

Technology 

Counter/Timer 

Frequency 

Other Features 

NCR 6500/1 

2048 X 8 

64X8 

NMOS 

16-bit 

Programmable 

1,2,3 MHZ 


NCR 6500/1 1 

3072 X 8 

192X8 

NMOS 

(2) 16-bit 
Programmable 

1 or 2 MHz 

Full Duplex DART 
10 Interrupts 

NCR 65C00/1 

2048 X 8 

64X8 

CMOS 

16-bit 

Programmable 

1,2,4 MHz 

Low Power 
4mA/MHz Max 
ImA/MHz Typical 

NCR 65C00/2 

3072 X 8 

64 X 8 

CMOS 

16-bit 

Programmable 

1,2,4 MHz 

Low Power 
4m/\/MHz Max 
Im/VMHz Typical 

NCR 65C00/3 

4096 X 8 

128 X 8 

CMOS 

16-bit 

Programmable 

1,2,4 MHz 

Low Power 
4mA/MHz Max 
ImA/MHz Typical 



















NCR Microelectronics 


Area Sales Offices 


Eastern Area 

NCR Microelectronics Division 
400 W. Cummings Park 
Suite 2750 
Woburn, MA01801 
Phone: (617) 933-0778 


Central Area 

NCR Microelectronics Division 
400 Chisholm Place 
Suite 100 
Plano, TX 75075 
Phone: (214) 578-9113 


Western Area 

NCR Microelectronics Division 
4655 Old Ironsides Drive 
Suite 400 

Santa Clara, CA 95050 
Phone: (408) 727-6575 


NCR Microelectronics 


Manufacturing Plants 

Non-Volatile Memories 
Read-Only Memories 

NCR Microelectronics Division 
8181 Byers Road 
Miamisburg, OH 45342 
Phone: (800)543-5618 

(513)866-7471 in Ohio or 
International 

Telex: 241669 NCR NVMEM MSBG 


Microprocessors/Peripherals 

NCR Microelectronics Division 
1 635 Aeroplaza Drive 

Colorado Springs, CO 8091 6 
Phone: (800) 525-2252 

(303) 596-561 1 in Colorado or 
International 

Telex: 452-457 NCR MICRO CSP 

NCR Microelectronics 


Design Centers 


Semicustom Design 
Digital Signal Processing 

NCR Microelectronics Division 
2001 Danfield Court 
Fort Collins, CO 80525-2998 
Phone: (303) 226-9500 or 223-5100 
Telex: 45-4505 NCRMICRO FTCN 


Locations 

Integrated Circuit Systems, Inc. 
1012 W. Ninth Avenue 
King of Prussia, PA 19406 
(215) 265-8690 

Contact: Ed Arnold or Jere Hohmann 


Semicustom Design Center 

Aptek Microsystems 
700 N.W. 12th Avenue 
Deerfield Beach, FL 33441 
(305) 421-8450 
Contact: Trygve (Tryg) Ivesdal 

Custom Silicon, Inc. 

600 Suffolk Street 
Lowell, MA 01854 
(61 7) 454-4600 
Contact: David Guinther 

Design Engineering, Inc. 
190013th St., Suite 304 
Boulder, CO 80302 
303/440-7997 
Contact: Steve Davis 


Ontario Centre for Microelectronics 
1150 Morrison Drive 
Suite 400 

Ottawa, Canada K2H9B8 
(613) 596-6690 
Contact: Dr. Karl Siemens 


Manhattan Skyline, Ltd. 
United Kingdom 
Manhattan House 
Bridge Road 
Maidenhead 
Berkshire SL6 8DB 
England 

Maidenhead (0628) 75851 
Contact: Stu Kitchiner 

Array Technology 
1 297 Parkmoor Avenue 
San Jose, CA 95126 
408/297-3333 
Contact: Dan Weed 




Microelectronics 


AUBAMA 

Hughes Associates, Inc. 
291 3 Governors Drive 
Huntsville, AL 35805 
(205)533-9108 


CONNECTICUT 

Data Mark, Inc. 

47 Clapboard Hill Rd. 
Guilford, CT 06437 
(203)4560575 


ARIZONA 

BH&B Sales, Inc. 

7353 E. 6th Ave. 

Scottsdale, AZ 85251 
(602)9944454 
BH&B Sales, Inc. 

1041 W.Cottiobabi 
Tucson, AZ 85704 
(602)299-1508 

CALIFORNIA 

Custom Technology Sales 
992 S. Saratoga-Sunnyvale Rd. 
San Jose, CA 951 29 
(408)252-9901 
Earle Associates, Inc. 

Suite 200 
7585RonsonRd. 

San Diego, CA 921 11 
(619)278-5441 
Orion Sales, Inc. 

Suite F 

828 E. Colorado Blvd. 
Glendale, CA91205 
(818)240-3151 
Orion Sales, Inc. 

285 E. Main St. 

Tustin,CA 92680 
(714)832-9687 

COLORADO 

Electrpdyne, Inc. 

Suite 110 
2620 Parker Rd. 

Aurora, CO 80014 
(303)695-8903 ■ 


FLORIDA 

Universal Marketing & 
Sales, Inc. 

413 Martin Rd. 

North Palm Beach, 

FL 33408 
(305)842-1440 
Universal Marketing & 
Sales, Inc. 

355 Grant Ave. 

P.O.Box 2582 

Satellite Beach, FL 32937 

(305)777-2581 

GEORGIA 

Hughes Associates, Inc. 
6045 Atlantic Blvd. 

Suite 122 

Norcross,GA 30071 
(404)662-1587 

ILUNOIS 

Eagle Technical Sales, Inc. 
1805-6 Hicks Road 
Rolling Meadows, IL 60008 

(312)991-0700 

INDIANA 

Technology Marketing 
Corporation 
599 Industrial Dr. 

Carmel, IN 46032 
(317)844-8462 
Technology Marketing 
Corporation 
3428 W. Taylor St. 

Fort Wayne, IN 46804 
(219)432-5553 


NCR Microelectronics 


Saies Representatives 


KANSAS 

Kebco, Inc. 

1 6047 E. Kellogg 
Wichita, KS 67230 
(316)733-1301 
Kebco, Inc. 

10111 Santa Fe Drive 
Overland Park, KS 66212 
(913)541-8431 

KENTUCKY 

Technology Marketing 
Corporation 
881 9 Roman Ct. 

P.O.Box 91 147 
Louisville, KY 40291 
(502)499-7808 

MARYLAND 

Marktron, Inc. 

1688 East Guide Dr. 

Rockville, MD 20850 
(301)251-8890 

MICHIGAN 

Westbay& Associates 
27476 5-Mile Rd. 

Livonia, Ml ^154 

(313) 421-7460 

MINNESOTA 

Aldridge Associates, Inc. 
7138ShadyoakRd. 

Eden Prairie, MN 55344 
(612)944^ 

MISSISSIPPI 
Hughes Associates, Inc. 

1204 Garden Lane 
P.O.Box 1541 
Corinth, Miss. 38834 
(601)287-2915 

MISSOURI 

Kebco, Inc. 

75 Worthington Dr. 

Maryland Heights, MO 63043 

(314) 5764111 


NEW MEXICO 

NelcoElectronix 
4801 General Bradley, N.E. 
Albuquerque, NM87111 
(505)2931399 

NEW YORK 

Ontec Elec. Mkt. 

167 Flanders St. 

Rochester, NY 14619 
(716)464-8636 
Ontec Elec. Mkt. 
16GabriellaRoad 
P.O.Box 525 

Wappinger Falls, NY 12590 
(914)462-7188 ' - 
Ontec Elec. Mkt. 

161 Forrest Way 
P.O.Box 24 
Camillus, NY 13031 

(315)672-8409 
LRC Associates 
209 Route 9 W. 

Congers, NY 10920 
(914)2684435 

NORTH CAROLINA 

Hughes Associates, Inc. 
975 Walnut St. 

Suite 300-B 
Cary, NC 27511 
(919)467-7029 

OHIO 

Bear Marketing, Inc. 
3623BrecksvilleRd. 
P.O.Box 177 
Richfield, OH 44286 . 
(216)659-3131 - 

Bear Marketing Inc. 

1 563 E. Dorothy Lane 
Dayton, OH 4M29 
(513)299-2059 


OKLAHOMA 

ION Associates, Inc. 
9726 E. 42nd Street 
Suite 122 
Tulsa, OK 74145 
(918)6644)186 

OREGON 

Electronic Component 
Sdics 

1 5255 S.W. 72nd Ave. 
Tigaro, OR 97223 
(503)245-2342 

PENNSYLVANIA 

TCA Associates 
801 Media Line Rd. 
Broomall, PA 19008 
(215)3532022 - 

TENNESSEE 

Hughes Associates, Inc. 
732 White Oak Circle 
Morristown, TN 37814 

(615)581-5971- : V 

TEXAS 

ION Associates, Inc. 
1504 109th Street 
Grand Prairie, TX 75050 
(214)647-8225 
ION Associates, Inc. 
12731 Research Blvd. 
Suite A1 00 
Austin, TX 78759 
(512)331-7251 
ION Associates, Inc. 
6300WestparkDr. 

Suite 310 

Houston, TX 77057 
(713)97743M 


UTAH i 

Electrodyne, Inc. 

Suite 109 

2480 South Main St. 

SaH Lake City, UT 841 15 
(801)4833801 

WASHINGTON 

Electronic Component Sales 
9311 S.E. 36th St. 

Mercer Island, WA 98040 
(206)232-9301 

CANADA 

Cantec Representatives, Inc. 
8StrathearnAve.-Unit#18 
Brampton, Ontario, 

Canada L6T4L8 
(416)791-5922 
Cantec Representatives, Inc. 
1573LaperriereAve. 

Ottawa, Ontario, 

Canada K1 2 7T3 
. (613)725-37(4 
Cantec Representatives, Inc. 
Suite 116 

3639SourcesRd. .. 
Dollard desOrmeaux, 
Quebec, Canada H98 2K4 
(514)6836131 

FAR EAST 

PCI, Hong Kong, LTD, 
1145SohoraCl. • 
Sunnyvale, CA 94068 
(408)7334603 

UNITED KINGDOM 

Manhattan Skyline Ltd. 
Manhattan House 
Bri^eRoad 
Maidenhead 
Berkshire SL68DB 
England 

Maindenhead (0628) 75851 


PIONEER STANDARD ELECTRONICS, INC. 


ALABAMA 

4825 University Sq. 

Huntsville, AL 35805 
(205)837-9300 

CONNECTICUT 
112 Main Street 
Norwalk, CT 06851 
(203)8531515 

FLORIDA 

221 N. Lake Blvd. 

Altamonte Springs, FL 32701 
(305)834-9090 
674 S. Military Trail 
Deerfield Beach, FL 33442 
(305)4238877 

GEORGIA 

5853 B Peachtree Comers East 
Norcross,GA 30092 
(404)4431711 

ILLINOIS 

1551 Carmen Drive 

Elk Grove Village, IL 60007 

(312)437-9680 

INDIANA 

6408 Casdeplace Drive 
Indianapolis, IN 48250 
(317)8437300 

MASSACHUSEnS 
44 Hartwell Avenue 
Lexington, MA 02173 
(617)861-9200 


MARYLAND 

91 00 Gaither Road 
Gaithersburg, MD 20877 
(301)921-0660 

MICHIGAN 
13485 Stamford 
Livonia, Ml 48150 
(313)5231800 

MINNESOTA 

10203 Bren Road East 
Minnetonka, MN 55343 
(612)9335444 

NEW JERSEY 

45Rt.46 

Pine Brook, NJ 07058 
(201)5756510 

NEW YORK 

1806 Vestal Parkway East 
\festal, NY 13850 . 

(607)7438211 
■ 840 Fairport Park 
Fairport, NY 14450 
(716)381-7070 
60 Crossways Park West 
Woodbury, NY 11797 
(516)9216700 


NCR Microelectronics 
Distributors 


NORTH CAROUNA 

9801 A Southern Pine Blvd. 
Charlotte, NC 28210 
(704)5276188 

OHIO 

4800 East 131st Street 
Cleveland, OH 44105 
(216)5876600 
4433 Interpoint Blvd. 
Dayton, OH 45424 
(513)2339900 

PENNSYLVANIA 

261 Gibraltar Road 
Horsham, PA 19044 
(215)6744000 
259 Kappa Drive 
Pittsburgh, PA 15238 
(412)782-2300 

TEXAS 

9901 Burnet Road 
Austin, TX 78758 
(512)8354000 
137100megaRoad 
Dallas, TX 75244 
(214)3837300 
■5853 Point West Drive 
Houston, TX 77036 
(713)9835^5 


WYLEUBORATORIES 


MANHATTAN SKYUNE, LTD. 


ARIZONA 

8155 North 24th Street 
Phoenix, AZ 85021 
(602)2432232 
1010 E. Pennsylvania 
Suite 203 
Tucson, AZ 85714 
(602)8847082 

CALIFORNIA 

124 Maryland St. 

El Segundo,CA 90245 
(213)3226100 
17872 Cowan Ave. 

Irvine, CA 92714 
(714) 8639953 
9525 Chesapeake Dr. 

San Diego, CA 921 23 
(619)5639171 
3000 Bowers Ave. 

Santa Clara, CA 95051 
(408)727-2500 
11151 Sun Center Dr. 
Rancho Cordova, CA 95670 
(916)6335282 

COLORADO 

451 East 124th Ave. 
Thornton, CO 80241 
(303)457-9953 


OREGON 

5289 N.E. Elam Young Pkwy. 
Bldg. 100 

Hillsboro, OR 97124 
(503)6436000 

TEXAS 

1810 Greenville Dr. 


UNITED KINGDOM 

Manhattan House 
Bri(^eRoad 
Maidenhead 
Berkshire SL68DB 
England 

Maindenhead (0628) 75851 


Richardson, TX 75081 
(214)2339953 


2120 Breaker Lane Suite F 
Austin, TX 78758 
(512)8349957 . 


11001 South Wilcrest 
Suite 100 

Houston, TX 77099 
(713)8739953 


UTAH 

1959S.4130West 
Salt Lake City, UT 84104 
(801)9749953 


WASHINGTON 

1750 132nd Ave., N.E. 
Bellevue, WA 98005 
(206)4538300 


MD-605 0485 



